Abstract-The atmosphere in Ann Arbor, 50 km west of Detroit, was sampled for aerosol particles for 2-h periods over a 42-h interval Friday to Sunday, April 26-28, 1968, using a mod&d seven-state Andersen cascade impactor and a glass backup filter. The eight particle size fractions from each sampling were analyzed separately for lead, copper, and cadmium by means of anodic stripping voltammetry (ASV) with a composite mercury graphite electrode. Average particle size distributions were similar for the three elements over 0.1 < r < 10 pm, the radius range covered by the impactor stages which sort particles into factor of 2 radius intervals. Pb, however, showed a significantly greater proportion of its total concentration in particles caught by the titer (r < 0
INTRODUCTION
MUCH of the analysis of urban atmospheres for lead and other trace metals has been carried out using samples collected over long time intervals and without selectivity for particle size or reference to detailed meteorological conditions. The work of LUDWIG and ROBINSON (1968) , LEE, PATTERSON and WAGMAN (1968), and WAGMAN, LEE and AXT (1967) stands out because information on size distribution of several trace elements and sulfates was obtained. In the present study we have attempted to document the average mass distribution with particle size for Pb, Cu, and Cd in Ann Arbor, a town 50 km west of Detroit, Michigan. In addition, we have attempted to relate the measurements with short time variations in meteorological conditions by collecting samples over 2-h time intervals and making a continuous record of wind speed and direction and other meteorological parameters. We regard this work to be a feasibility study for future, more detailed investigation of the atmospheric transport of trace metals in aerosols. The samples were obtained on 4 mil (0.01 cm) thick polyethylene discs which had been precleaned by ultrasonic agitation in double distilled water, dried, and placed over the stainless steel Andersen impactor plates. One-half of each polyethylene disc was placed in a quartz cell with 10 ml of 0.1 M NaCl which had been pre-purified over a mercury pool electrode and the sample removed from the disc by ultrasonic agitation. The sample was then analyzed on a multiple plating anodic stripping apparatus using a composite mercury graphite electrode. The cell, electrode, and apparatus have been previously described by MATSON et al. (1965) and MATSON and ROE (1967) .
Successive ultrasonic agitations of the polyethylene disc with fresh solutions showed a removal efficiency of 90-97 per cent. Separate analyses of both halves of a polyethylene disc were within &5 % of their average at the sample size of 200 ng. At high concentrations the major errors in the data come from the measurement of volume passed through the impactor with the Gelman Air Sampling Kit (i-10%) and at low values from the subtraction of the variable and system carry-over blanks from the procedure (e.g., Pb 144, Cd 38, Cu 42 ng/stage).
METEOROLOGY
The 24 h preceding the beginning of the sampling period was under the influence of a low pressure system passing to the south-east through southern Ohio and Pennsylvania, west of the Appalachians. Light rain and high humidities with fog prevailed until the afternoon of Friday, April 26. At the beginning of the sampling period, the rain and fog had moved to the east and only light cirrostratus clouds remained. By the morning of Saturday, April 27, a mesoscale high pressure area had moved into western Michigan and remained over the Michigan area throughout the sampling period. The tropospheric winds similarly decreased and remained moderate and out of the northwest. The air mass was of Continental Polar source region, and most of the residual aerosols would have been swept out of the air by the rain and fog leaving mostly recent and local material. The meteorological data and time intervals are listed in TABLE 1. As seen in FIG. 2 the temperature reflects the absence of clouds and has a smooth diurnal trace. The dew point decreased slowly during the f&t day and remained constant during the second except for the slight perturbation each morning after the sunrise as the ground moisture was mixed to higher elevations by heating. This phenomenon is typical in areas dominated by an anticyclone. Since relative humidity is a function of the temperature and dew point, it also follows a diurnal variation inversely proportional to the temperature. The winds were light and varied slowly through the two days. In FIG. 3 the average direction is depicted by the horizontal lines whose length represents the average wind speed in meters per second. The vertical line represents the beginning of the sample time and the variation in the direction of the wind. Again, the situation is typified by low velocities and variations in the nocturnal hours and higher velocities and variability during the hours of solar insolation. The combination of the direction and the degree of variability determine the direction of our source region, and the speed determines the distance.
Under these conditions we would not expect significant contribution of trace metals from large scale advection into the area. All variations should be due to diurnal meteorological changes and/or local changes in the source regions.
RESULTS AND DISCUSSION
FIGURES 4 and 5 show the results for the variation of lead, copper, and cadmium during the period of sampling. FIGURE 4 represents the gross total concentrations without subtraction of blank for all stages of the individual samples and estimates of the maximum analytical blanks for Pb, Cu, and Cd. In some cases the actual blank may be less, and we regard the apparent parallel variation of Pb, Cu, and Cd to be significant in spite of the high blank estimate for Cd. The data indicate a variation for each of the elements of over a factor of ten within any 24 h time period during the 42 h represented. When initiating this experiment we expected to see some variations due to diurnal meteorological changes, but the large concentration differences in FIG. 4 seem to be best explained by non-diurnal wind variations. Maxima occurred near 0400 and again near 2200 on Saturday, April 27. The minima are approximately at 1600 Saturday and 1000 Sunday. Since the variations seem to result in maxima and minima that are not diurnal in their occurrence and since the diurnal meteorological parameters were almost identical for the two days, it may be that the major factor in these variations is wind speed and direction. By inspection of the wind direction plotted in  FIG. 3 and the total concentrations plotted in FIG. 4 one can see a definite coincidence with the occurrence of the wind direction coming from the Detroit sector as shown by the dashed lines. There is an apparent phase lag of 2-4 h. One may also argue that the concentration variations are caused by changes in the mixing depth and diffusion characteristics. It has been shown by MOSES (1969) that under certain mixing conditions the variation in concentration can be over a factor of 1000. However, the conditions present at the time were not so extreme as to suggest that the large concentration differences found for each metal observed could be explained by simple changes in the mixing and diffusion regimes since lead must come from high concentrations of automobiles, i.e., the east sector. A much more extensive study would be required to ascertain to what extent the changes in diffusion factor would control the concentration variations. The total concentrations seem to follow each other closely except in the later samples where cadmium departs toward lower values. Another departure comes at the Grst ~~rnurn at 1200 on Saturday where copper and cadmium continue to decline below the estimated maximum average blank while lead levels off to the value of about 500 ng rnm3. This suggests that the lead is also coming from local sources or from the natural background during this minimum. One can argue that the variations are of local origin, but since lead is primarily from automobiles, and copper and cadmium are from other sources, either dependent or independent, it follows that the lead maximum comes from an area of large concentrations of autos, and there is no reason to suspect that the other elements do not advect from the same region.
The average mass ~s~ibution with particle size over the entire 42-h sampling interval is summarized in RG. 5. No attempt was made in this study to calibrate the Andersen impactor for the exact size of lead, copper or cadmium particles captured by the plates. About 60 per cent of the lead particles is below a 50 % cutoff diameter of about 0.2 pm, in reasonable agreement with ROBINSON and LUDWIG (1967) and substantiating the hypothesis that the lead is a component of a small particle size product from high temperature combustion of tetraethyl lead in automobile engines. The copper and cadmium tend to have similar distributions with particle size and show a slight preference for the middle range of particle size.
CONCLUSIONS
From an examination of the structure of the curves in FIGS. 3 and 4 it appears that a 2-h sampling period is needed but adequate for experiments concerned with the diurnal and mesoscale meteorological effects on the concentration and size distribution of aerosols. From the wide variation in concentrations over a relatively short period of time, it is apparent also that a great deal of caution must he used in interpreting the concentration of a trace element from a long period sample.
